The total phenolic content and radical scavenging activity of Andrographis paniculata has been investigated to estimate the amount of phenolic compounds and diterpene lactones, respectively in the plant extracts. The stem extracts exhibited higher total phenolic content and scavenging activity than those of the leaf extracts from both young and mature plants. A range of 19.6-47.8 mg extract of A. paniculata from different parts of the plant is equivalent to the scavenging activity exhibited by one mg of standard Trolox. HPLC-ESI-MS/MS was also used to identify simultaneously the phytochemicals from the leaves and stems of both young and mature plant samples. Of the identified compounds, seven of the sixteen diterpene lactones, three of the six flavonoids, five of the six phenolic acids and two cyclic acids are reported here for the first time for this species. Multivariate statistical approaches such as Hierarchiral Component Analysis (HCA) and Principle Component Analysis (PCA) have clustered the plant extracts into the leaf and stem groups, regardless of plant age. Further classification based on the phytochemical profiles revealed that mostly phenolic acids and flavonoids were from the young leaf extracts, and diterpenoids and their glycosides from the mature leaf extracts. However, the phytochemical profiles for the stems of both young and mature plants were not significantly different as presented in the dendrogram of HCA and the score plot of PCA. The marker for mature plants might be the m/z 557 ion (dihydroxyl dimethyl 19-[(-D-glucopyranosyl)oxy]-19-oxo-ent-labda-8(17),13-dien-16,15-olide), whereas the m/z 521 ion (propyl neoandrographolide) could be the marker for leaf extracts.
Recently, many pharmacological studies have been carried out on the extracts of A. paniculata, mainly due to its wide application in the treatment of various infectious diseases and immune disorder symptoms. A comprehensive review of the phytochemistry, pharmacology and clinical uses of A. paniculata has been reported by Perumal Samy et al. [5] . They also reported that A. paniculata has very low toxicity to animals and plants. Diterpenoid lactones and flavonoids are the main chemical constituents believed to be responsible for the biological activities of the plant [6] . Till now, 50 labdane diterpenoids and 30 flavonoids have been reported from this plant [7] [8] [9] [10] . Andrographolide is the prime active constituent, with a bitter taste, maximally found in the leaves (> 2%, w/w) [11, 12] . Most phytochemical studies have been focused on the aerial part of the plant. Radhika et al. [13] reported three flavones from the stem of A. paniculata. To the best of our knowledge, no study has been carried out to differentiate the phytochemical profiles of the leaves and stems of both young and mature plants. The presence of diterpenoids, polyphenols and their derivatives in different parts of the plant at different harvest ages has not been simultaneously analyzed and compared so far.
Numerous analytical methods have been reported for the determination of andrographolide and its derivatives in the plant extracts. Of these methods, high performance liquid chromatography has been reported as the most accurate approach, since the spectrophotometric method suffers from the instability of red colored substance formation [14] , and the gravimetric method gives an over estimation of andrographolide due to the co-solubility of other substances in ethyl acetate [15] . In the present study, a hyphenated system consisting of high performance liquid chromatography coupled to tandem mass spectrometry was used to determine simultaneously the major phytochemicals in the methanolic extract of A. paniculata. The complex chemical composition of the extract was chromatographically separated in a column by a gradient profile of a binary solvent system and then ionized by an electrospray ionization source before fragmentation and detection by a mass analyzer.
Besides the use of the high throughput analytical tool, the plant extracts were usually subjected to total phenol and antioxidant property assays. The total phenolic content is widely applied for the quantitative estimation of polyphenols such as flavones, flavanones and flavonols. The presence of diterpene lactones could be estimated from the free radical scavenging activity assay. The antiradical mechanism of diterpene lactones, particularly neoandrographolide, has been reported because of the presence of allylic hydrogens on the unsaturated lactone ring [16] . Therefore, diterpene lactones could scavenge free radicals by donating the allylic hydrogen atoms from its aglycone, either by homolytic cleavage or by deprotonation-oxidation mechanisms. Table 1 shows the results of the TPC and DPPH activity of the leaves and stems of both young and mature plant samples. The stems had higher TPC values than the leaf samples, with the stems of the young plants exhibiting the highest TPC value of 1.64 µg GAE/mg extract. In line with the TPC results, the stem extracts also exhibited higher free radical scavenging activity than the leaf extracts. Therefore, the scavenging activity of the plant extracts might be attributed to the presence of phenolic compounds and diterpene lactones [16, 17] . The scavenging activity expressed by the stem extracts was about two-fold higher than that of the leaves of mature plants. However, there was only a small degree of difference in scavenging activity between the leaves and stems of young plants. This observation also agreed with the TPC of the leaves and stems of young plants, where the degree of difference in the TPC value of both extracts was relatively small compared with the mature plant extracts. A high sensitivity hyphenated liquid chromatograph integrated with a tandem mass spectrometer was used to identify phytochemicals from different parts of the methanolic A. paniculata extracts. Sixteen bicyclic diterpenoids, six flavonoids (2 flavanones and 4 flavones), and eight cyclic and phenolic acids were detected in this study. The compounds and their fragment ions are tabulated in Table 2 . The presence of these metabolites was confirmed by referring the data to the theoretical fragments generated by MS Fragmenter 12.0 and the spectral data from literature values [18] . Table 2 also shows that bicyclic diterpenoids were mostly detected in the leaves, in particular the higher molecular weight glycosidic diterpenes from the leaves of mature plants. However, cyclic and phenolic acids were mostly detected from the leaves of young plants. It is interesting to note that andrographolide was only detected in the leaf extracts. This finding was not in line with the previous result reporting the existence of andrographolide in all parts of the plant, maximally in the leaves [19] . The contradictory finding might be due to geographical and climatic variation of plant origin. However, Arpini et al. [20] reported no significant difference between the chemical fingerprints of the aerial parts of plants from India and China.
In addition to the detection of nine known bicyclic diterpenoids, seven other diterpenoidal derivatives were detected from the plant grown in Malaysia (Table 2) . Of the flavonoids, three (flavones) are reported for the first time for A. paniculata. Seven cyclic and phenolic acids are also reported for the first time for A. paniculata. However, the presence of these compounds needs to be confirmed, for example by nucleus magnetic resonance spectroscopy.
Hierarchical clustering analysis (HCA) was carried out based on the presence and absence of phytochemicals identified from the plant extracts, without considering the peak signal intensity of the metabolites (Figure 2 ). This kind of chemometric evaluation has been used by researchers from India who revealed that it is a useful complementary technique for quality determination of A. paniculata from different origins [21] . Significantly, the leaf extracts of both young and mature plants were in the same cluster, whereas the stem extracts were in another (Figure 2a ). This observation could be explained by high similarity in the phytochemical profile of the same part of the plant, even at different plant ages. However, the dendrogram of variables segregated the identified phytochemicals into three major groups, as presented in Figure 2b . Mostly phenolic acids and flavonoids were clustered in the same group, whereas diterpenoids and their glycosides were grouped in the same class. Another group of metabolites consisted of the mixture of diterpenoids and phenols. The phytochemicals in the same class most probably are involved in a similar pathway of secondary metabolism. This is because these compounds are important secondary metabolites for plant defense. Both mevalonic acid (MVA) and methyl erythritol phosphate (MEP), and deoxyxylulose (DXP) pathways have been suggested for the biosynthetic routes to the production of andrographolide [22] .
Another unsupervised multivariate analysis, principle component analysis (PCA), has been used to reduce the multidimensional mass spectral data into 12 principle components using Pareto scaling. The setting parameters were minimum spectral peak width, 0.3 Da; mass tolerance, 0.1 Da and retention time tolerance, 0.1 min. The first four components were covered for 51.1% of the total variation. In line with the pattern recognition result of HCA, the leaf and stem extracts were significantly clustered into two major groups; the positive and negative regions, respectively in the first principle component (PC1) of the score plot, regardless of the plant age ( Figure 3a ). In the positive region of the second principle component (PC2), the young leaf extracts were further separated from the mature leaf extracts. Thus, the plant extracts divided into three groups, namely young leaf extracts, mature leaf extracts, and young and mature stem extracts. This classification agreed with the grouping based on HCA for the identified metabolites (Figure 2b) . The simultaneous identification of plant metabolites using the high throughput HPLC-ESI-MS/MS approach has revealed that different parts of A. paniculata have different phytochemical profiles. The difference could also be seen for the same plant part at different plant ages. However, the difference was not significant for the stems of young and mature plant extracts based on HCA and PCA. Besides that, a difference has also been proven in total phenolic content and free radical scavenging activity of the plant extracts.
The stem extracts of the plant were reported to have higher total phenols and radical scavenging activity than the leaf extracts. The degree of difference became significant as the plant grew. More glycosidic diterpenoid lactones were detected in the leaves of the mature plant extract. This observation was in line with the previous findings that the antioxidant property of flavonol aglycones was higher than their glycosides [23, 24] . 
Experimental
Chemicals and reagents: HPLC-grade of acetonitrile and methanol were obtained from Fisher Scientific (Pittsburg, USA). Ammonium formate and formic acid were purchased from Fluka (Buchs, Switzerland). Folin-Ciocalteau reagent and 1, 
Methanolic extraction of plant samples:
The dried and finely powdered leaves (500 mg) and stems (500 mg) of A. paniculata were extracted with methanol: water (1:1, 10 mL) using a shaker at room temperature (25 o C). After 60 min of extraction, the extracts were filtered and stored at -20 o C for subsequent analysis.
Total phenolic content:
The total phenolic content (TPC) of the extracts was analyzed using Folin-Ciocalteu reagent, based on the method described by Chua et al. [25] , with minor modification. The extracts (1.5 mg/mL) were mixed with 1500 µL of Folin-Ciocalteu reagent. Sodium carbonate (100 g/L; 1200 µL) was added to the mixture after 5 min. The solution was shaken thoroughly and incubated for 2 h at 30 o C, before the absorbance was measured at 765 nm using a UV-Vis spectrophotometer (Perkin-Elmer Lambda 25, Waltham, MA). Gallic acid (0-200 µg/mL) was used as a standard for calibration curve preparation. The TPC was expressed as µg of gallic acid equivalents (GAE) in mg of dry plant extract.
All assays were carried out in triplicate. 
Free radical-scavenging activity by DPPH:

HPLC-ESI-MS/MS:
A hyphenated system consisted of a high performance liquid chromatograph (Agilent 1200; Agilent Technologies Inc., Santa Clara, CA) and a triple quadrupole-linear ion trap tandem mass spectrometer (Applied Biosystems 3200 Q TRAP; Life Technologies Corporation, Carlsbad, CA) was used for phytochemical separation and identification, respectively. The phytochemicals were separated using a C18 reserved phase Aqua column (2.1 x 50 mm, 5µm) from Phenomenex, Torrance, CA, and then ionized by an electrospray ionization source (ESI) before detection. The mobile phase was a binary solvent system consisting of solvent A (water with 0.1% formic acid and 5 mM ammonium formate) and solvent B (acetonitrile with 0.1% formic acid and 5 mM ammonium formate). The gradient was: 0-20 min, 10-90 % B; 20-25 min, 90 % B; 25.1-30 min, 10 % B for column equilibration before the next run. The total runtime was 30 min. The flow rate was 0.2 mL/min and the injection volume was 20 µL. All samples were filtered through a 0.2-µm nylon membrane filter prior to injection. The mass spectra were acquired from m/z 100-1200 with a 20-ms ion accumulation time. All mass spectrometric data were acquired in negative ionization mode. The capillary and voltage of the ESI source were maintained at 400 o C and 4.5 kV, respectively. All other parameters were as follows: nitrogen was used as ion source gas for nebulisation, 40 psi; for drying solvent, 40 psi; curtain gas, 10 psi; collision gas, high; declustering potential, 40 V, and collision exit energy, 10 V. The scan rate was 1000 amu/s. Data acquisition and data processing were performed using Analyst 1.4.2. The scan mode of enhanced mass spectra (EMS) was used to screen the sample profile. Enhanced product ion (EPI) scan was used to determine the characteristic ions and to confirm the presence of aglycone peaks.
Data processing and interpretation:
The data processing software, MarkerView 1.2 (Applied Biosystems/MDS Sciex), was applied to perform sample classification on triplicate mass spectra of different parts of the plants at different harvest ages by using principle component analysis (PCA). Hierarchical clustering analysis (HCA) was carried out to classify the plant extracts based on sample extracts, as well as identified phytochemicals using R version 2.11.1. The module of MS Fragmenter 12.0 and SpecManager 12.01 in Advanced Chemistry Development (ACD, Toronto, Canada) software was used to predict compound fragmentation and for data mining, respectively.
